Assuming the newly observed Z c (3900) to be a molecular state of DD * (D * D ), we calculate the partial widths of Z c (3900) → J/ψ + π; ψ ′ + π; η c + ρ and DD * within the light front model (LFM). Z c (3900) → J/ψ + π is the channel by which Z c (3900) was observed, our calculation indicates that it is indeed one of the dominant modes whose width can be in the range of a few MeV depending on the model parameters. Similar to Z b and Z ′ b , Voloshin suggested that there should be a resonance Z ′ c at 4030 MeV which can be a molecular state of D * D * . Then we go on calculating its decay rates to all the aforementioned final states and as well the D * D * . It is found that if Z c (3900) is a molecular state of
I. INTRODUCTION
one can extract the effective coupling constants from the data. Since for the molecular states the constituents and interactions are different from the case for quarks, we need to modify the LFQM and then apply the new version to study the exotic hadrons. In this paper we will deduce the form factors for the two-body decays of a molecular state of I G (J P ) = 1 + (1 + ), and use them to estimate the decay widths of Z c (3900) → J/ψπ; ψ ′ π; η c ρ and DD * by assuming Z c (3900) to be a molecular state of DD * , then we calculate the rates of Z c (4030) → J/ψπ; ψ ′ π; η c ρ and DD * ; D * D * . In our calculation, we keep the q + = 0 condition i.e. q 2 < 0 where one of the final mesons (π or D) is off-shell, thus the obtained form factors are space-like, i.e. unphysical. Then an analytical extension from the space-like region to the time-like region is applied. Letting the meson be on-shell one can get the physical form factor and calculate the corresponding decay widths. The numerical results will offer us information about the structure of Z c (3900) and the possible Z c (4030).
After the introduction we derive the form factor for transitions Z c (3900) → J/ψπ; ψ ′ π; η c ρ and DD * and Z c (4030) → J/ψπ; ψ ′ π; η c ρ and DD * ; D * D * in section II. Then we numerically evaluate the relevant form factors and decay widths in Sec. III, where all input parameters are presented. At last we discuss the implications of the numerical results possibilities, then finally, we draw our conclusion even though it is not very definite so far. Some details About the adopted approach are collected in the appendix.
II. THE STRONG DECAYS OF Z c (3900) AS A 1 + DD * MOLECULAR STATE
In this section we study the strong decays of a 1 + DD * molecular state in the light-front model. In Ref. [12, 13, 19] the model is used to explore some meson decays. In this paper we extend it to study a molecular state and the interactions between mesons are regarded as effective ones. The configuration of DD * molecular state is
(DD * +DD * ). By the Feynman diagrams it is also noted that the topological structure for Z c (3900) → J/ψπ; ψ ′ π; η c ρ is different from that for Z c (3900) → DD * , so we deal with them separately.
The Feyman diagrams for Z c (3900) decaying into J/ψπ by exchanging D or D * mesons are shown in Fig.1 . It is noted that when calculate the rates Z c (3900) → ρη c or ψ(2s)π, one can simply replace J/ψπ by the corresponding final states of ρη c or ψ(2s)π.
Following the approach in Ref. [19] , the matrix element of diagrams in Fig.1 can be cast as 
where M and M ′ represent the masses of initial and finial mesons. The factor 
with P = P ′ + P ′′ and P ′ and P ′′ are the momenta of the concerned mesons in the initial and final states respectively .
More details about the derivation and some notations such as M 0 andM 0 can be found in Ref. [19] . With the replacement, h AŜdα is decomposed into
with
where
are determined in Ref. [19] . We define the form factors as following
which will be numerically evaluated in next section. With these form factors the amplitude is obtained as The amplitude corresponding to the Feynman diagrams which are obtained by exchanging the mesons in the final states of Fig.1 can be formulated by simply exchanging m 1 and m 2 . The total amplitude is
The corresponding Feynman diagrams are shown in Fig.2 . Generally the intermediate mesons should include ρ, ω, π and σ. However for an I = 1 molecular state the contributions from ρ and ω nearly cancel each other as discussed in Ref. [29] . In terms of the vertex function presented in the attached appendix, the hadronic matrix element corresponding to the diagrams in Fig.2 is written as
Carrying out the integral, h AŜdα is decomposed into
Similar to the definitions in Eq.7 the amplitude then is
III 
The Feynman diagrams are shown in Fig.3 . In terms of the vertex function given in the appendix, the hadronic matrix element is
and S
Carrying out the integration and making the required replacements, we have
We define the form factors as following
which will be numerically evaluated in next section. With these form factors the amplitude is obtained as
Similarly, the amplitude corresponding the Feynman diagrams which are obtained by switching around the mesons in the final states can be easily obtained by exchanging m 1 and m 2 . The total amplitude is In terms of the vertex function, the hadronic matrix element corresponding to (a) and (b) of Fig.4 is
Carrying out the integration and making the replacements, we havê
The amplitude can be eventually reached as 
carrying the integration and making the replacement, one haŝ
The amplitude is
where the expressions of f 51 and f 52 are similar to Eq.7 and Eq.18.
IV. NUMERICAL RESULTS
In this section we present our theoretical predictions on the decay rates of the concerned modes. The key point is to calculate the corresponding form factors we deduced in last section. Those formulas involve many parameters which need to be priori fixed. We use the BES dada 3.899 GeV [1] as the mass of Z c (3900) and the mass of Z c (4030) is assigned to be 4.03 GeV. The masses of the decay products and intermediate mesons are set as m J/ψ = 3.096 GeV, m ψ ′ = 3.686 GeV, m ηc = 2.981 GeV, m ρ = 0.77 GeV, m π = 0.139 GeV, m D = 1.869 GeV, m D * = 2.007 GeV and m σ = 0.5 GeV taken from Ref. [30] . In Refs. [23, 24] the coupling constants g πDD * and g πD * D * were fixed to be 8.8 and 9.08 GeV −1 respectively. For the coupling of ψD ( * ) D ( * ) , ψDD * and ψD * D * there exists a simple, but approximate relation g ψDD = m D g ψDD * = g ψD * D * [26, 27] and g ψDD = g ψD * D * = 8.0 [25] , so we can fix g ψDD * = 4.28 GeV −1 . In the heavy quark limit the relation g ηcD * D = m D g ηcD * D * = g ψDD should exist. The coupling constant g ρDD and g ρD * D * are set to be 3 [29] in our calculation and g ρDD * = 3 GeV −1 is adopted. g σD * D * = 2m D * g σ and g σDD = 2m D g σ with g σ = 0.76 [31] are also reasonable approximations. Λ in the vertex F is a cutoff parameter which was suggested to set as 0.88 GeV to 1.1 GeV in Ref. [27] and we will use both of the values in our calculation and compare the results. The other parameter β in the wavefunction is not very clear so far and its value is estimated to be near or smaller than the number of β for the wavefunction of J/ψ which is fixed to be 0.631 GeV −1 in Ref. [32] . Since we derive the form factors in the frame of q + = 0 ( q 2 < 0) i.e. in space-like region, we extend these form factors to the time-like region according to the normal procedure provided in literatures. Then letting q 2 take the value of m 2 , the physical form factors are obtained. In Ref. [19] a three-parameter form was suggested as
However we find the form Eq.30 does not fit the numerical values satisfactorily (see the figures), so instead, we employ a polynomial
The resultant form factors and the effective coupling constants are listed in table I. One can find if Z c (3900) is a molecular state of DD * the partial width of Z c (3900) → DD * is very small. For Z c (4030) both the partial widths Γ(Z c (4030) → D * D * ) Γ(Z c (4030) → DD * ) are small, but sufficiently sizable to be measured. In our calculation, we notice that the model parameters Λ and β can affect the numerical results sensitively. Since the β is a model parameter which is closely related to the behavior of the wavefuctions of the concerned hadrons, we illustrate the dependence of Z c (3900) → J/ψπ and Z c (4030) → J/ψπ on β in Fig.6 . Line A and B in Fig.6 correspond to Z c (3900) and Z c (4030) respectively. In Ref. [33] the estimated Γ(Z c (3900) → J/ψπ) is about 1 MeV which is smaller than our results. The form factors given in the five-parameter form (Λ = 0.88 GeV, β = 0.631 GeV −1 ). The numbers above the horizontal line correspond to Z c (3900) and those numbers below the line correspond to Z c (4030). The definitions of the form factors are given in last section. 
V. DISCUSSIONS AND A TENTATIVE CONCLUSION
In this work we calculate the decay rates of Z c (3900) to Jψπ, ψ(2s)π, η c ρ and D * D * in the LFM by assuming that Z c (3900) is a molecular state of
The numerical results are shown in tables II and III where we vary the model parameters Λ to check the parameter dependence. Then in the same framework, we evaluate the decay rates of a postulated Z c (4030) which was predicted by Voloshin [11] according to the mass Our numerical results listed in tables II and III show that the decay rate of Z c (3900) → J/ψπ, which is the channel of first observing Z c (3900), is about a few MeV. But the decay Z c (3900) → DD * (orD * D ) is much smaller than that for the J/ψ final state. It is also noted that the rate of Z c (3900) → ψ(2s)π is almost twice larger than that for Z c (3900) → J/ψπ. Even though the final state phase space of ψ(2s)π is smaller than that for J/ψπ, the form factor for Z c → ψ(2s)π is larger to result in the enhanced rate.
For the numerical computations we take 4030 MeV as the mass of Z c (4030) , but of course it is easy to adjust it into 4020 or 4025 MeV. Since the two resonances are waiting for further confirmation, we at present employ 4030 MeV as input, and the numerical results would be of significance even though not accurate. Our numerical results show that the tendency of the predicted decay rates for Z c (4030) are similar to that for Z c (3900).
The predicted rates are somehow sensitive to the model parameters, for example in tables II and III, we only change the value of Λ from 0.88 GeV to 1.1 GeV which were determined by fitting data of different experiments, the rates are almost doubled. Fig.6 shows dependence of Γ(Z c (3900) → J/ψπ) and Γ(Z c (4030) → J/ψπ) on the β−value. Since the values of Λ and β are obtained by fitting data of experiments, we can only adjust those parameters within small ranges, so that the predictions with the model cannot be drastically changed. Namely, even though the predicted values may vary by a factor of two or even larger, the degree of magnitude remains the same.
Because the theoretical predictions are not fully accordant with the available data, although the data so far are not very accurate, we prefer to draw a tentative conclusion that the observed Z c (3900) and newly observed Z c (4020) and/or Z c (4025) are not molecular states of DD * and D * D * , but may be tetraquarks or mixtures of molecular states and tetraquarks. It is difficult to evaluate the decay rates of tetraquarks because there the non-perturbative QCD effects would dominate. In our later work, we will try to do it in terms of some reasonable models. Definitely further more accurate measurements on the decays of such exotic states: Z b , Z Similar to our previous works on baryons [15] , we construct the vertex function of molecular in the same model. The wavefunction of a molecualr with total spin J and momentum P is |X(P, J, J z ) = {d 3p
